introduction
Foreign exchange market is the world's largest financial market with no opening or closing hours. An investor's confidence to invest in particular country is inversely related to high volatilities in exchange rate. This is the basic reason why volatility models are used to explain the enduring and significant instance in the foreign exchange rate movements (Kamal et.al.,2012) . poon and Granger (2003) asserted that financial volatility has significant influence on the economy hile the policy and decision makers depend heavily upon the volatility modeling anticipation on the vulnerabilities of financial markets and economy.
The traditional measure of volatility as represented by variance and standard deviation is unconditional and does not recognize interesting patterns in asset volatility, e.g., time-varying and clustering properties (olowe,2009) . Researchers have introduced various models to be able to explain and predict these patterns in volatility. one such approach is represented by time-varying volatility models which were expressed by Engle (1982) as autoregressive conditional heteroscedasticity (ARCH) model and extended by Bollerslev (1986) into generalized ARCH (GARCH) model. These models recognize the difference between the conditional and the unconditional volatility of stochastic process, where the former varies over time, while the latter remains constant (McMillan and Thupayagale 2010) .
Recent global financial crisis is a major turmoil event which permeated all over the world irrespective of developed or emerging countries. The magnitude of the turmoil appears all the more severe since it is not confined to a certain region or country. It was rooted when the Information Technology bubble burst, causing the federal government to deregulate and cut interest rate. Cheap credit enabled even subprime borrowers with low creditworthiness to become homeowners. profit-driven investors recklessly traded various derivatives such as Mortgage Backed Securities since uS housing prices grew rapidly for years. However, excessive securitization of mortgages caused a bubble in the housing market and aggravated the difficulty of risk assessment. The bubble inflated further when interest rates rose, resulting in a surge in defaults by subprime borrowers. The companies that traded structured products backed by mortgages experienced massive loss as the bubble burst. Various financial institutions were hit by the crisis, which by then was no longer merely a problem of the uS. The collapse of uS financial institutions dealt a critical blow to other industries. The uS housing market went into a recession and financial institutions that dealt in mortgage-backed derivatives defaulted. Furthermore, overseas financial institutions with direct or indirect investment in derivatives fell into a crisis of their own. As financial institutions rushed to withdraw investment, emerging economies highly dependent on foreign capital were distressed and value of dollar shot up. The capability of emerging economies to return short-term foreign debt decorated, forcing Iceland, ukraine, Hungary and pakistan to turn to the IMF for bailout. To emerging economies heavily depend on foreign capital and exportdriven economies, the rise of dollar loomed as a grave threat (Chang et.al., 2010) .
Financial crises affecting the sudden and unexpected fluctuations in exchange rates and emphasize the importance of measuring the foreign exchange rate volatility. The volatility of foreign exchange rates results in increase of exchange rate risk and adversely affects the international trade and investment decision (Kamal et.al., 2012) .
The aim of this study is to envisage the impact of global financial (GFC) and European sovereign debt crisis (ESDC) of selected emerging countries in Central and Eastern Europe (CEEC) countries (Czech Republic, Hungary, poland and Serbia). The paper applies symmetric GARCH and three asymmetric GARCH models, which are EGARCH, TGARCH and ApARCH with variations in their mean equations: AR(1), MA(1), and ARMA(1,1), ARCH in mean thet capture most stylized acts about exchange rate returns such as volatility clustering and leverage effect. The exchange rate volatility is measured throughout the period during global financial and sovereign debt crisis to find out whether these crises affect the volatility the exchange rate volatility in selected CEEC countries.
The working paper is structured as follows. Literature review is presented in the second chapter. In third chapter GARCH type methodology is presented. The fourth chapter presents the results of empirical analysis. Finally, concluding remarks are given in the fifth chapter.
Literature review
Although there have been an extensive empirical studies focusing on modeling and estimating exchange rate volatility in developed countries applying different specification little attention has been paid on emerging countries. Chong et.al. (2002) investigates application of GARCH models to capture exchange rate volatility in Malaysian Ringgit/pound Sterling, for 1990-1997 period. Results of empirical investigation suggest the possibly reject the hypothesis of constant variance model, arguing that the GARCH models were better once than native random walk models. Longmore and Robinson (2004) , applied linear GARCH and asymmetrical volatility models on Jamaican Dollar for 1998-2003 period and found long memory process for the exchange rate with effects of shocks being asymmetric, while in terms of explanatory power, the non-linear GARCH model performed well.
olowe (2009), used a number of GARCH models to investigate the volatility of Naira/uS Dollar exchange rate in which the hypothesis of leverage effect was rejected by all asymmetric models, though all the coefficients of the variance equations were significant, the TS-GARCH and ApARCH models proved to be the best models. on the other hand, EGARCH model showed that in Nigerian foreign exchange market, with all variances being non-stationary, the volatility is highly persistence. Suliman (2012), consider the GARCH approach in modeling exchange rate volatility in a panel of 19 of the Arab countries using daily observations over 2000 to 2011 period. Author applies both symmetric and asymmetric models to capture most common stylized facts about exchange rate returns such as volatility clustering and leverage effect. The results show that based on GARCH (1,1) model, that for ten of nineteen currencies sum of the estimated persistent coefficient exceed one implying that volatility is an explosive process. Furthermore, the asymmetrical EGARCH (1,1) results provide evidence of leverage effect for majority of currencies, indicating that negative shocks imply a higher next period volatility than positive shocks.
Exchange rate volatility in CEEC's countries is analyzed by several authors. Kobor and Szekely (2004) use a Markov regime-swithing model for four foreign exchange markets in the period 2001 to 2003 whilst indentifying two volatility regimes in which the between-market cross-correlations differ significantly. Kočenda and Valachy (2006) finds that exchange rate volatility generally increased with the introduction of more flexible exchange rate arrangements. Fidrmuc and Horvath (2007) examined the daily exchange rate dynamics in selected new Eu memeber states ( Czech Republic, Hungary, poland, Romania and Slovakia) using GARCH and TARCH models between 1999 and 2006. Authors find that the low credibility of exchange rate managements tried to manage their exchange rate. Authors find that the low credibility of exchange rate management implied higher volatility of exchange rates when it substantially deviated from the imlicit target rates for all countries. Furthermore, authors find significant asymmetric effects of volatility of exchange rates in all analyzed countries.
Schnabl (2008) investigates the impact of exchange rate stability on growth for a sample of 41 mostly small open economies in the EMu periphery. Based on panel estimations author revealed a robust negative relationship between exchange rate volatility and growth for countries in the economic catch-up process with open capital accounts.
Frommel (2010) analyzed to what extent the volatility regime modifications of five markets (Czech Republic, Hungary, poland, Romania and Slovakia), are related to the changes in official exchange rate arrangements. using GARCH and the Markov switching models, author showed that this relationship is stronger for Hungary and poland, less so for the Czech Republic, whereas unclear for Romania and Slovakia. Todea and platon (2012) investigated sudden changes in volatility of four Central and Eastern European foreign exchange markets (Czech Republic, Hungary, poland and Romania) using the Iterated Cumulative Sums of Squeres algorithm and re-examines the volatility persistence during the period 1999 to 2009. Authors determined that the identification of sudden exchanges is associated with local financial, economic and political events, with the exception of the financial crisis as a global factor. Accounting for these sudden shifts in volatility in the GARCH models significantly reduces the persistence of volatility or long memory in the Central and Eastern Europe foreign exchange markets.
garCH type models
The GARCH type models successfully capture several characteristics of financial time series, such as thick tailed returns and volatility clustering. A general GARCH(p,q) model proposed by Bollerslev (1986) can be written in the following form: (1)
The first equation actually describes the percentage level of return, y t =100*r t which is presented in the form of autoregressive and moving average terms, i.e. ARMA(m,s) process. Error term ε t in the first equation is a function of , which is random component with the properties of white noise. The third equation describes the conditional variance of return, , which is function of q previous periods and conditional variance of p previous periods. The stationarity condition for GARCH (p, q) is Size of parameters α and β in the equation determines the observed shortterm volatility dynamics obtained from series of returns. The high value of coefficient β indicates that shocks to conditional variance need a long time to disappear, so the volatility is constant. The high value of the coefficient α mean that volatility reacts intensively to changes in the market.
I f , for a sufficiently long horizon forecasts conditional variance of GARCH (p, q) process:
is called unconditional variance of GARCH (p, q) process.
By standard arguments, the model is covariance stationary if and only if all the roots of lie outside the unit circle. In many applications with high frequency financial data the estimate for turns out to be very close to unity. This provides an empirical motivation for the so-called integrated GARCH(p,q), or IGARCH(p,q), model [see Bollerslev et al. (1994) ]. In the IGARCH class of models the autoregressive polynomial in equation (2) has a unit root, and consequently a shock to the conditional variance is persistent in the sense that it remains important for future forecasts of all horizons. A general IGARCH (p, q) process can be written in the following form:
where A(L) and B(L) are lag operators.
In order to capture asymmetry Nelson (1991) proposed exponential GARCH process or EGARCH for the conditional variance:
Asymmetric relation between returns and volatility change is given as function which represent linear combination of and :
where and are constants.
By construction, equation is a zero mean process (bearing in mind that
, is linear function with slope coefficient Ѳ + γ, while for -∞< z t ≤ 0 it is linear function with slope coefficient γ -Ѳ. First part of equation, Ѳ(|z t | -E |z t |), captures the size effect, while second part, γ(z t ), captures the leverage effect.
Zakoian (1994) proposed TGARCH (p,q) model as alternative to EGARCH process, where asymmetry of positive and negative innovations is incorporated in the model by using indicator function:
where γ i are parameters that have to be estimated, d(·) denotes the indicator function defined as: parameter in the equation denotes exponent of conditional standard deviation, while parameter describes asymmetry effect of good and bad news on conditional volatility. positive value of means that negative shocks from previous period have higher impact on current level of volatility and otherwise.
Results of empirical analysis
The dataset consists of the daily returns of exchange rates on Czech Republic koruna (CZK), Hungarian forint (HuF), Romanian lea (RoN), polish zloty (pLZ) and Serbian dinar (RSD), all against the euro obtained from national stock exchange websites. The study covers the period from 3 rd January 2000 until 15 th April 2013 for RoL/EuR in respect. As in most of empirical finance literature, the variable to be modeled is percentage daily exchange rate return which is the first difference of the natural logarithm of the exchange rate, i.e. r t = (logp t -logp t-1 ) * 100. plots of the data are presented in Figure 1 .
Since the focus of this research is to examine the impact of global financial and European sovereign debt crisis dummy variable will be adopted. The decision to create dummy variables which represents the both crisis periods will be subjective and it depends on author's argument. The paper set the global financial crisis at September 2008. The reason for this is that the Lehman Brothers collapsed in middle of September, 2008. The paper set the European sovereign debt crisis at May 2011 since it was clearly visible that the Greek economy was far from being in an adequate position. Therefore, a dummy variables take 1 for the period from September 2008 to December 2009 defined as financial crisis period and, May 2011 to November 2012 defined as European sovereign debt crisis period, otherwise 0 (Miletić et.al., 2013) . 
Properties of data
Bearing in mind that the one-time structural breaks may lead to erroneous statistical conclusions, in all cases we indicate the most prominent non-standard values and then regress series of returns on constant and dummy variable that take non-zero values for the observations with the most prominent nonstandard values. New adjusted series of daily exchange rate returns are used in empirical analysis (see Figure 2) . Volatility clustering is clearly visible in all cases.
The quantiles of an empirical distribution are plotted against the quantiles of a normal distribution. From the Figure 3 it is clear that QQ plot is not linear and that empirical distribution differs from the hypothesized normal distribution. The plot poses the characteristic S-shape indicating that there is no significant skewnees, but the tails are havier than a normal distribition (Andersen et.al., 2000) . Table 1 indicates that the daily exchange rate returns are not normally distributed. In most cases skewness is evident; kurtosis is in all cases greater than 3 and the Jarque-Bera statistics are highly significant. Negatively skewed distributions are reported for daily exchange rate ruturns of CZK/EuR and RSD/ EuR which indicate appreciation of the currency, while positively skewed distribution are reported for daily exchange rate ruturns of RoL/EuR, pLZ/EuR and HuF/EuR which indicate depreciation of the currency. The coefficient of excess kurtosis is in all cases much greater than 3 indicating the distribution of the returns is leptokurtic, which means that the distribution has fatter tails. The largest coefficient of excess kurtosis is reported for Romanian leu and Serbian dinar and highlights that these exchange rates account for larger deviations in their returns. The results confirm the presence of fat tails, which suggest that the assumption of a normal distribution is not satisfied. ARCH-LM test indicates presence of time varying volatility, and Box-Ljung statistics indicate evidence of autocorrelation in squared standardized residuals. Table 2 shows the results of unit root test for daily exchage rate returns series. The Augmented Dickey-Fuller test and phillips-perron test statistics for all exchange rate returns are highly significant, i.e. the values are less then their critical values at 1%, 5% and 10% level, thereby suggesting the rejection of null hypothesis of the presence of unit root in the return series. Therefore, it is appropiate to examine the return volatility using the original level of the series, i.e. there is no need to difference the data. 
Empirical results
Bearing in mind that Box-Ljung autocorrelation test for squared standardized residuals and ARCH/LM tests indicate presence of ARCH effects, we estimate models of conditional autoregressive heteroscedasticity (GARCH type models). Model selection was done according to modified Akaike criteria. Model parameters are calculated using maximum likelihood estimation method. Maximum likelihood estimates of the parameters are obtained by numerical maximization of the log-likelihood function using the BHHH algorithm.
Since the aim of this study is to find the impact of global financial and European sovereign debt crisis on Central and Eastern Europe (CEEC) countries this study included an explanatory variables of global financial crisis and European sovereign debt crisis in the mean and conditional variance equation with intention to find the impact of crisis on the exchange rate returns and volatility.
Conducted empirical test indicate that the return distributions are not characterized by normality. Due to skewness and excess kurtosis of daily financial return distributions, estimates based with assumption that residuals follow normal distribution has its drawbacks. our results of estimation show that such GARCH type models assuming Student's t distribution of standardized returns is superior measure of downside risk, especially for trading strategies that exhibit negative skewness and excess kurtosis.
Results of estimating ARMA (m,s)-GARCH (p,q) model, and different types of asymmetric ARMA (m,s)-GARCH (p,q) model with assumption that the residuals follow normal or Student's t distribution suggest the following conclusion (Table 3) .
In case of Czech Republic koruna, GARCH (1,1) model with assumption that the residuals have Student's t distribution best describes exchange rate return series. Exchange rate return does not characterize neither AR nor MA component. With the respect to the mean equation, coefficient d1(coefficient of global financial crisis) and d2 (coefficiente of European sovereign debt crisis) suggest that the existence of global financial and European sovereign debt crisis is not significant in influencing exchange rate returns. As far as conditional variance equation concern, value of β shows magnitude variance on the current variance and shows magnitude of volatility clustering. The value of β coefficient is highly significant which shows that persistence volatility clustering prevails in CZK/EuR exchange rate return. This volatility clustering reveals that once volatility persists it takes long time to become smooth. Last two coefficientes of this model is concernd with recent global financial and European sovereign debt crisis. The coefficient of global financial crisis is positive and significant while coefficient of European sovereign debt crisis is statistically insignificant. Results indicate that recent global financial crisis positively hit volatility of exchange rate return by 0.6 %.
In case of Romanian lea, IGARCH (1,1) model with assumption that the residuals have Student's t distribution best describes exchange rate return series.
In the mean equation auto regression component of the first order is significant, but estimated value of the auto regression parameter is very small. With the respect to the mean equation, coefficient of global financial crisis suggests that the existence of global financial is not significant in influencing exchange rate returns, while coefficient of European sovereign debt crisis is positive and statistically significant. Result indicates that European sovereign debt crisis influencing in depreciation of Romanian lea by 6%. As far as conditional variance equation concern, the value of coefficients α and β are statistically significant at 5% level. The IGARCH model also shows that variances are stationary and persistence of volatility will remain forever. Last two coefficientes of this model is concernd with recent global financial and European sovereign debt crisis. The coefficient of global financial crisis is positive and significant while coefficient of European sovereign debt crisis is statistically insignificant. Results indicate that recent global financial crisis positively hit volatility of exchange rate return by 0.2 %.
In case of polish zloty, TGARCH (1,1) model with assumption that the residuals have Student's t distribution best describes exchange rate return series. In the mean equation auto regression component of the first order is significant, but estimated value of the auto regression parameter is very small. With the respect to the mean equation, coefficient of global financial crisis suggests that the existence of global financial is not significant in influencing exchange rate returns, while coefficient of European sovereign debt crisis is positive and statistically significant. Result indicates that European sovereign debt crisis influencing in depreciation of polish zloty by 8%. As far as conditional variance equation concern the value of β coefficient is highly significant which shows that persistence volatility clustering prevails in pLZ/EuR exchange rate return. Value of γ coefficient is statistically significant which show that asymmetry information impact exists in this exchange rate return series and that negative shock has stronger impact on the volatility than the positive shock. Last two coefficientes of this model is concernd with recent global financial and European sovereign debt crisis. The coefficient of global financial crisis is positive and significant while coefficient of European sovereign debt crisis is statistically insignificant. Results indicate that recent global financial crisis positively hit volatility of exchange rate return by 2.4 %.
In case of Hungarian forint, EGARCH (1,1) model with assumption that the residuals have Student's t distribution best describes exchange rate return series. Exchange rate return does characterize neither AR nor MA component. With the respect to the mean equation, coefficient d1(coefficient of global financial crisis) and d2 (coefficiente of European sovereign debt crisis) suggest that the existence of global financial and European sovereign debt crisis is not significant in influencing exchange rate returns. As far as conditional variance equation concern, value of β shows magnitude variance on the current variance and shows magnitude of volatility clustering. The value of β coefficient is highly significant which shows that persistence volatility clustering prevails in HuF/ EuR exchange rate return. The EGARCH variance equation indicates that there exists the asymmetric behaviour in volatility which means that positive shocks are effecting differently, then the negative on volatility. Last two coefficientes of this model is concernd with recent global financial and European sovereign debt crisis. The coefficient of global financial crisis and European sovereign debt crisis is not significant in influencing exchange rate volatility.
In case of Serbian dinar, IGARCH (1,1) model with assumption that the residuals have Student's t distribution best describes exchange rate return series. In the mean equation auto regression component of the first order is significant, but estimated value of the auto regression parameter is very small. However, the values of Q statistics with p-value less than 5% of the standardized residuals in estimated ARMA(1,1) model imply that serial correlation remained in the standardized residuals and that conclusion regarding the impact of financial and sovereing crisis is not accurate. 
Conclusion
The aim of this study is to envisage the impact of global financial (GFC) and European sovereign debt crisis (ESDC) on foreign exchange markets of emerging countries in Central and Eastern Europe CEEC countries (Czech Republic, Hungary, Romania, poland and Serbia). The dataset consists of the daily returns of exchange rates on Czech Republic koruna (CZK), Hungarian forint (HuF), Romanian lea (RoL), polish zloty (pLZ) and Serbian dinar (RSD), all against the euro. overall results imply that global financial crisis has no impact on exchange rate returns in selected CEEC countries, while European sovereign debt crisis influencing in depreciation of polish zloty by 8% and Romanian lea by 6%. Estimated obtained by our calculation imply that global financial crisis increased enhanced volatility on exchange rate returns of Czech koruna, Romanian lea and polish zloty. Moreover, results of empirical analysis imply that this impact has the strongest influence in volatility on exchange rate returns of polish zloty.
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